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Start assisting device for high speed reluctance motor.

@ A start assisting device for a high speed
reluctance motor, capable of starting the motor
at a specific start disabling position where a
static torque with a very small angle is present
due to a phase advance. When the motor can
not be started at a specific position, clock
signals are supplied as gate drive signals, in
place of drive signals based on a motor position
detection. After starting the motor, the drive
signals based on the position detection is sup-
plied as gate drive signals, so as to drive nor-
mally the motor. Otherwise, when the motor can
not be started, the drive signals based on the
position detection is supplied as gate drive
signals for different phases, so as to start the
motor. After starting the motor, the drive signals
based on the position detection are supplied as
gate drive signals for corresponding phases, so
as to drive normally the motor.
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BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a high speed re-
luctance motor, and more particularly to a start assist-
ing device for a high speed reluctance motor, capable
of starting the motor at a specific start disabling pos-
ition where a static torque with a very small angle is
present due to a phase advance.

Description of the Prior Art

FIG. 1 is a schematic sectional view of a conven-
tional three-phase reluctance motor with a stator and
arotor. As shown in FIG. 1, the reluctance motor com-
prises a stator 3 including six fixed magnetic poles 3a
mounted to a motor housing and spaced uniformly
from one another at 60° and coils 4 wound around one
of pairs of opposed fixed magnetic poles 3a to form
magnetic poles with reversed polarity. With this ar-
rangement, the pairs of opposed magnetic poles have
different phases a, b and c, respectively. The reluc-
tance motor also comprises arotor 2 disposed inward-
ly of the stator 3 to be rotatable about a rotating shaft
1 and provided with four rotating magnetic poles 4a
space uniformly from one another at 90°.

In such a conventional reluctance motor, a rotor
position detecting device (not shown) is also provided
to detect the position of rotor 2. Based on the detected
position of rotor 2, electric power is sequentially ap-
plied to coils 4 wound around the fixed poles 3a and
provided with phases a, b and ¢, to drive the motor

In the reluctance motor, a phase advance of a oc-
curs at an interval § where an optional phase is turned
on during the rotation of reluctance motor at a high
rate, that is, a magnetic force is generated from mag-
netic poles 3a with arequired phase, due to a time tak-
en until current applied to coils 4 reaches a normal
state, as apparent from a static torque curve shown
in FIG. 2.

The angle a is larger at a higher inductance of the
coils and a higher speed of the motor. When the angle
a exceeds a certain level, the interval B involves a
point of time at which the static torque is zero, that is,
a point Ain FIG. 2.

The point A of FIG. 2 at which the static torque is
zero is present in the form of an interval other than a
pointform, as shown in FIG. 3, due to friction and load
conditions of the motor

There is few problem in starting the motor, when
the total interval (a + ) does not exceed the point A.
However, when the total interval (a + ) exceeds the
point A, the motor may be stopped at a position where
a torque generated by driving an optional phase, that
is, at the point A, so that the motor can not be started.

For example, if a phase to be driven for starting
the motor is the phase a-a’ under a condition that the
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rotor 2 has been stopped such that the rotating mag-
netic poles 4a of rotor 2 has been symmetrically posi-
tioned with respect to fixed magnetic poles with the
phase a-a’, as shown in FIG. 1, a rotation force can
not be generated since the rotating magnetic poles of
rotors 2 and the fixed magnetic poles are positioned
symmetrically in all directions, even though the phase
a-a’ is driven. As a result, an initial start of the motor
can not be accomplished.

On the other hand, where conduction angles Z2
and Z4 are smaller than a step angle Z1, for the pur-
pose of improving the efficiency of motor, as shown
in FIG. 4, any phase can not be driven at positions
corresponding the angles Z3 and Z5. When the motor
is stopped at such positions, its start can not be ac-
complished. That is, any drive signal for initially driv-
ing the motor can not be generated when the motor
has been stopped at the positions corresponding to
the angles Z3 and Z5, since drive signals for the phas-
es of motor (the phases a, b and ¢, in the illustrated
three-phase motor) are intermittently generated with
certain intervals corresponding to the angles Z3 and
Z5.

In the conventional reluctance motor, a drive sig-
nal for each phase is generated only by a detecting
signal for the rotor. Accordingly, there is a problem
that the start of motor can not be accomplished atthe
above-mentioned specific positions, when the phase
advance interval is increased due to a high speed of
motor or a high inductance of coils 4 or when the con-
duction angle is smaller than the step angle for the
purpose of improving the efficiency of motor. As are-
sult, the design of motors is restricted by the phase
advance angle and conduction angle, thereby caus-
ing the speed and efficiency of high speed reluctance
motors to be degraded.

SUMMARY OF THE INVENTION

Therefore, an object of the invention is to elimin-
ate the above-mentioned problems encountered in
the prior arts and to provide a start assisting device
for a high speed reluctance motor, capable of obtain-
ing a rotation force by driving alternatingly respective
phases irrespective of detection of rotor position and
thus normally driving the motor according to the de-
tection of rotor position.

In accordance with one aspect, the present in-
vention provides a start assisting device for a high
speed reluctance motor comprising: position detect-
ing means for detecting the position of a rotor and
generating drive signals for respective phases; stop
discriminating means for scanning at least one of the
phase drive signals and discriminating whether the
motor is at its drive state or its stop state; start drive
signal generating means for outputting a clock signal
with a predetermined frequency generated from a
clock generator as start drive signals for respective
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phases; drive signal selecting means for logically
combining the start drive signals with the phase drive
signals from the position detecting means, by phases,
based on a control signal from the stop discriminating
means, so as to select the start drive signals upon
starting the motor and to select the drive signals from
the position detecting means after starting the motor,
and outputting the selected drive signals as gate drive
signals for respective phases; and driving means for
conducting coils for respective phases according to
the gate drive signals from the drive signal selecting
means.

In accordance with another aspect, the present
invention provides a start assisting device for a high
speed reluctance motor comprising: position detect-
ing means for detecting the position of a rotor and
generating drive signals for respective phases; stop
discriminating means for scanning at least one of the
phase drive signals and discriminating whether the
motor is at its drive state or its stop state; start drive
control means for outputting a clock signal of a prede-
termined frequency generated from a clock generator
as start control signal at the stop state of motor, ac-
cording to a control signal from the stop discriminating
means; drive signal selecting means for selecting the
phase drive signals from the position detecting means
as gate drive signals for different phases and output-
ting them at the stop state of motor and selecting the
phase drive signals from the position detecting means
as gate drive signals for corresponding phases and
outputting them at the drive state of motor; and driving
means for exciting coils for respective phases accord-
ing to the gate drive signals from the drive signal se-
lecting means and driving the motor.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and aspects of the invention will
become apparent from the following description of
embodiments with reference to the accompanying
drawings in which:

FIG. 1 is a schematic sectional view of a conven-

tional three-phase reluctance motor, illustrating a

stator and a rotor;

FIG. 2 is a characteristic curve illustrating a static

torque depending on a variation in angle of the ro-

tor shown in FIG. 1;

FIG. 3 is an enlarged view of FIG. 2, illustrating

the static torque characteristic at a zero torque

position, depending on friction and load;

FIG. 4 is a schematic view illustrating position de-

tection characteristics for various phases when

conduction angles are smaller than a step angel
in the conventional reluctance motor;

FIGS. 5A to 5C are waveform diagrams of drive

signals for respective phases according to FIG. 4;

FIG. 6 is a circuit diagram of a start assisting de-

vice for a high speed reluctance motor in accor-
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dance with an embodiment of the present inven-
tion;

FIG. 7 is a circuit diagram of another embodiment
of a drive signal selecting circuit shown in FIG. 6;
FIG. 8 is a circuit diagram of a start assisting de-
vice for a high speed reluctance motor in accor-
dance with another embodiment of the present
invention; and

FIG. 9 is a circuit diagram of another embodiment
of a drive signal selecting circuit shown in FIG. 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 6, there is illustrated a start as-
sisting device for a high speed reluctance motor in ac-
cordance with an embodiment of the present inven-
tion.

The start assisting device comprises a position
detecting circuit 10 for detecting the position of a rotor
and generating drive signals 1A, 2A and 3A for re-
spective phases, a stop discriminating circuit 20 for
scanning at least one of the phase drive signals 1A,
2A and 3A and discriminating whether the motor is at
its drive state or its stop state, and a start drive signal
generating circuit 30 for outputting clock signals with
predetermined frequencies generated from a clock
generator 31 as start drive signals 1B, 2B and 3B for
respective phases. The start assisting device also
comprise’s a drive signal selecting circuit 40. The
drive signal selecting circuit 40 serves to logically
combine the start drive signals 1B, 2B and 3B with
the phase drive signals 1A, 2A and 3A from the pos-
ition detecting circuit 10, by phases, based on a con-
trol signal from the stop discriminating circuit 20, so
as to select the start drive signals 1B, 2B and 3B upon
starting the motor and the drive signals 1A, 2Aand 3A
from the position detecting circuit 10 after starting the
motor. The drive signal selecting circuit 40 outputs the
selected drive signals as gate drive signals g1, g2 and
g3 for respective phases. A driving circuit 50 is also
provided for conducting coils a-a’, b-b’ and ¢-¢’ for re-
spective phases according to the gate drive signals
g1, g2 and g3.

In accordance with the present invention, the
stop discriminating circuit 20 comprises a plurality of
one-shot signal generators 21, 22 and 23 adapted to
be triggered by drive signals 1A, 2A and 3A from the
position detecting circuit 10 and generate pulse sig-
nals which are maintained for a predetermined time
and a logic gate 24 for logically combining output sig-
nals from the one-shot signal generators 21, 22 and
23 and generate different logic signals at the stop
state of the motor and the drive state of the motor.

As the one-shot signal generators 21, 22 and 23,
three monostable multivibrators are used which are
adapted to be triggered by the drive signals 1A, 2A
and 3A from the position detecting circuit 10 and out-
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put high level signals for predetermined time con-
stants, respectively. As the logic gate 24, an AND gate
AD is used which is adapted to AND-combine inverted
output signals from the monostable multivibrators.

Although three one-shot signal generators 21, 22
and 23 which are triggered by the drive signals 1A, 2A
and 3A for respective phases are used in the embodi-
ment illustrated in FIG. 6, only two one-shot signal
generators may be used for discriminating the drive
state/stop state of the motor, based on drive signals
for two phases. Otherwise, only a single one-shot sig-
nal generator may be also used for discriminating the
drive state/stop state of the motor, based on a drive
signals for a single phase. In all cases mentioned
above, when the motor is at its drive state, the time
constant is predetermined for always making the out-
put level of the logic gate 24 constant (for example, a
low level signal).

On the other hand, the start drive signal gener-
ating circuit 30 comprises the clock generator 31 for
generating a clock signal with a predetermined fre-
quency, a front flip-flops FF1 having a clock terminal
CK for receiving an output signal from the clock gen-
erator 31, a rear flip-flop FF2 having a clock terminal
CK for receiving the output signal from the clock gen-
erator 31 and adapted to receive a non-inverted out-
put signal Q1 and an inverted output signal /Q1 from
the clock generator 31 as a J input signal J2 and a K
input signal K2, respectively, feed back its inverted
output signal /Q2 as a J input signal J1 of the from flip-
flop FF1 and output a non-inverting output signal Q2
as a start drive signal 3B of the third phase c-¢’, an
AND gate AD31 for AND-combining the inverted out-
put signals /Q1 and /Q2 from the front and rear flip-
flops FF1 and FF2 and output the resultant signal as
the start drive signal 1B for the first phase a-a’, and
an AND gate AD32 for AND-combining the inverted
output signals /Q1 from the front flip-flop FF1 and the
non-inverted output signal Q2 from the rear flip-flop
FF2 and output the resultant signal as the start drive
signal 2B for the second phase b-b’.

The drive signal selecting circuit 40 comprises a
plurality of first AND gates AD1, AD3 and AD5 for
AND-combining a first select signal obtained by in-
verting the control signal from the stop discriminating
circuit 30 through an inverter gate 11 with drive sig-
nals 1A, 2A and 3A from the position detecting circuit
10, respectively, a plurality of second AND gates AD2,
AD4 and AD6 for AND-combining a second select sig-
nal obtained by buffering the inverted first select sig-
nal from the inverter gate 11 through a buffer B2 with
drive signals 1B, 2B and 3B from the start drive signal
generating circuit 30, and a plurality of OR gates OR1,
OR2 and ORS3 for OR-combining output signals from
respective of pairs of the first and second AND gates
AD1-AD2, AD3-AD4 and AD5-AD6 by phases and
outputting gate drive signals g1, g2 and g3 for respec-
tive phases. The OR gates OR1, OR2 and ORS3 are
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constructed such that its enable/disable states are
controlled by the output control signals.

Now, operation of the start assisting device with
the above-mentioned construction according to the
present invention will be described.

First, the rotated position of the rotor is detected
by rotor position detecting sensors (not shown) of the
position detecting circuit 10. Position detecting sig-
nals based on the rotor position detection are output-
ted as drive signals 1A, 2A and 3Afor respective phas-
es, by a proper logic combination carried out in the
position detecting circuit 10.

The drive signals 1A, 2A and 3A are sent, as trig-
ger signals, to one-shot signal generators 21, 22 and
23 of the stop discriminating circuit 20. Inverted out-
put signals /Q from the one-shot signal generators
21, 22 and 23 are AND-combined together in the logic
gate 24.

When the motor is at its drive state that the rotor
rotates, the one-shot signal generators 21, 22 and 23
are sequentially triggered, in that drive signals 1A, 2A
and 3A for respective phases are sequentially output-
ted. Accordingly, the one-shot signal generators 21,
22 and 23 output inverted output signals /Q for their
time constants as low level signals, respectively. The
inverted output signals from the one-shot signal gen-
erators 21, 22 and 23 are AND-combined in the logic
gate 24, so that the stop discriminating circuit 20 out-
puts a low level signal.

On the other hand, when the motor is at its stop
state, the position detecting circuit 10 does not output
the drive signals 1A, 2A and 3A. Accordingly, no trig-
ger signal is applied to the one-shot signal generators
21, 22 and 23 which, in turn, output high level signals
as their inverted output signals /Q. As a result, the
logic gate 24 outputs a high level signal.

In the start drive signal generating circuit 30,
clock signals with a predetermined frequency are
generated from the clock generator 31. The clock sig-
nals are then sequentially outputted pulse by pulse,
as start drive signals 1B, 2B and 3B, by the opera-
tions of the two JK flip-flops FF1 and FF2 and two
AND gates AD31 and AD 32.

When the motor is at its drive state, the drive sig-
nal selecting circuit 40 selects the drive signals 1A, 2A
and 3A from the position detecting circuit 10 and out-
puts them as their gate drive signals g1, g2 and g3,
based on a control signal from the stop discriminating
circuit 30. When the motor is at its stop state, the drive
signal selecting circuit 40 selects the start drive sig-
nals 1B, 2B and 3B and outputs them as their gate
drive signals g1, g2 and g3.

That is, at the stop state of motor (upon starting),
the stop discriminating circuit 20 outputs a high level
signal which is, in turn, inverted through the inverter
gate 11 of the drive signal selecting circuit 40 and sent
to all of the first AND gates AD1, AD3 and AD5, as
their first control signals. Accordingly, the first AND
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gates AD1, AD3 and ADS5 output low level signals ir-
respective of input signals at their other input termi-
nals, so that outputting of drive signals 1A, 2A and 3A
from the position detecting circuit 10 is shut off. On
the other hand, the first control signals are inverted
again and sent to the second AND gates AD2, AD4
and ADS6 via the buffer B2, as second control signals
with high level. Accordingly, the start drive signals 1B,
2B and 3B from the start drive signal generating cir-
cuit 30 are transmitted via the second AND gates
AD2, AD4 and AD6 and then outputted via the OR
gates OR1, OR2 and ORS3, respectively.

Assuming that the motor is stepped at a specific
position where the rotation torque obtained by driving
the phase a-a’ as mentioned above in conjunction
with the prior art and that in this case, the drive signal
generated upon starting the motor is the drive signal
1A for the phase a-a’, starting of the motor can be
smoothly accomplished in accordance with the pres-
entinvention. Atthe same conditions, the prior art can
not accomplish the starting of motor, as mentioned
above.

That is, when the motor is started under a condi-
tion that it has been stopped at the above-mentioned
specific position, the position detecting circuit 10 out-
puts the drive signal 1A for the phase a-a’ which is,
in turn, applied to the corresponding one-shot signal
generator 1A as a trigger signal. By the trigger signal,
the one-shot signal generator 21 is triggered and out-
puts a low level signal for a predetermined time con-
stant. The low level signal from the one-shot signal
generator 21 is then sent to the drive signal selecting
circuit 40, via the logic gate 24. Thereafter, the low
level signal from the stop discriminating circuit 20 is
inverted through the inverter gate 11 and applied to
the first AND gate AD1 as a high level signal. Accord-
ingly, the drive signal 1A for the phase a-a’ from the
position detecting circuit 10 is applied to the driving
circuit 50 as the gate drive signal g1 for the phase a-
a’. However, the starting of motor can not be accom-
plished at this time, even though the phase a-a’is
driven. This is because the motor has been stopped
at the state that the rotation torque obtained by driv-
ing the phase a-a’ is zero.

Thereafter, the position detecting circuit 10 out-
puts continuously the drive signal 1A with the high
level. However, it can not trigger the one-shot signal
generator 21 (this is because there is no edge by vir-
tue of the unchanged drive signal 1A for the phase a-
a’). As a result, the one-shot signal generator 21 can
not be triggered again, so that its inverted output sig-
nal /Q is outputted as a high level signal when the
time constant of the one-shot signal generator 21 has
elapsed after the one-shot signal generator 21 was
initially triggered. Accordingly, the logic gate 24 out-
puts a high level signal.

As the high level signal is outputted from the stop
discriminating circuit 20 after the predetermined time
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constant, the second AND gates AD2, AD4 and AD6
of the drive signal selecting circuit 40 are activated so
that the start drive signals 1B, 2B and 3B from the
start drive signal generating circuit 30 are outputted
as gate drive signals g1, g2 and g3. Accordingly, an
initial driving can be accomplished by the start drive
signal from the start drive signal generating circuit 30,
where the starting of motor can not be accomplished
by the drive signal from the position detecting circuit
10. In this case, all the phases are sequentially driven
by the start signals generated from the start drive sig-
nal generating circuit 30. Accordingly, even though
the starting of motor could not be accomplished upon
driving the phase a-a’, by virtue of the rotation torque
of zero, it can be subsequently achieved as the phase
b-b’ is driven.

After the initial driving, drive signals for respec-
tive phases are sequentially generated, according to
the rotor position detection carried out by the position
detecting circuit 10. By the generated drive signals,
the one-shot signal generators 21, 22 and 23 are se-
quentially triggered so that output signals therefrom
are maintained for their time constants, respectively.
Accordingly, the stop discriminating circuit 20 outputs
alow level signal indicative of the rotation state of mo-
tor. Subsequently, the drive signal selecting circuit 40
selects the drive signals 1A, 2A and 3A from the pos-
ition detecting circuit 10 according to the low level sig-
nal from the stop discriminating circuit 20 and outputs
gate drive signals ga, g2 and g3. Thus, a normal driv-
ing of motor can be accomplished.

On the other hand, the drive signal selecting cir-
cuit 40 may have another construction, without being
limited to the construction comprising the AND gates
AD1 to AD6 and OR gates OR1 to OR3 as shown in
FIG. 6. As shown in FIG. 7, the drive signal selecting
circuit 40 may comprises a plurality of first inverter
gates 111, 112,113, 114, 115 and 116 for inverting the
phase drive signals 1A, 2A and 3A outputted from the
position detecting circuit 10 and the start drive signals
1B, 2B and 3B outputted from the start drive signal
generating circuit 30, respectively, a first three-state
buffers B11, B12 and B13 for passing the phase drive
signals 1A, 2A and 3A from the position detecting cir-
cuit 10 through the first inverter gates 111, 112 and
113, according to a first select signal obtained by in-
verting the control signal of the stop discriminating
circuit 20, respectively, a second three-state buffers
B21, B22 and B23 for passing the phase drive signals
1B, 2B and 3B from the start drive signal generating
circuit 30 through the first inverter gates 114, 115 and
116, according to a second select signal obtained by
inverting the first select signal, respectively, and a
plurality of second inverter gates 121, 122 and 123 for
receiving output signals from the first three-state buf-
fers B11, B12 and B13 and the second three-state
buffers B21, B22 and B23 in common by phases and
inverting them to output gate drive signals ga, g2 and
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g3 for respective phases.

In this construction shown in FIG. 7, when a high
level signal is outputted from the stop discriminating
circuit 20, based on the discrimination for the stop
state of motor, it is inverted through the inverter gate
11 so that a first control signal is applied as a low level
signal to control terminals of the first three-state buf-
fers B11, B12 and B13. Accordingly, the first three-
state buffers B11, B12 and B13 are turned off, there-
by causing the drive signals 1A, 2A and 3A from the
position detecting circuit 10 to be shut off. Also, the
first control signal with a low level is inverted through
the inverting input buffer B2 and then sentas the sec-
ond control signal to the control terminals of the sec-
ond three-state buffers B21, B22 and B23. According-
ly, the second three-state buffers B21, B22 and B23
are turned on, so that the start drive signals 1B, 2B
and 3B from the start drive signal generating circuit 30
can be sent to the second inverter gates 121, 122 and
123 and then outputted as gate drive signals g1, g2
and g3.

On the other hand, when a low level signal is out-
putted from the stop discriminating circuit 20, based
on the discrimination for the drive state of motor, the
second three-state buffers B21, B22 and B23 are
turned off, thereby causing the start drive signals 1B,
2B and 3B from the start drive signal generating cir-
cuit 30 to be shut off. Also, the first three-state buffers
B11, B12 and B13 are turned on, so that the phase
drive signals 1A, 2A and 3A from the position detect-
ing circuit 10 are selected and outputted as gate drive
signals g1, g2 and g3.

FIG. 8 shows a start assisting device according
to another embodiment of the present invention. As
shown in FIG. 8, the start assisting device comprises
a position detecting circuit 100 for detecting the pos-
ition of a rotor and generating drive signals for respec-
tive phases, a stop discriminating circuit 200 for scan-
ning at least one of the phase drive signals and dis-
criminating whether the motor is at its drive state or
its stop state, a start drive control circuit 300 for out-
putting a clock signal of a predetermined frequency
generated from a clock generator 311 as start control
signal at the stop state of motor, according to a control
signal from the stop discriminating circuit 200, a drive
signal selecting circuit 400 for selecting the phase
drive signals from the position detecting circuit 100 as
gate drive signals g1, g2 and g3 for different phases
and outputting them at the stop state of motor and se-
lecting the phase drive signals from the position de-
tecting circuit 100 as gate drive signals g1, g2 and g3
for corresponding phases and outputting them at the
drive state of motor, and a driving circuit 500 for ex-
citing coils a-a’, b-b’ and c-¢’ for respective phases
according to the gate drive signals g1, g2 and g3 from
the drive signal selecting circuit 400 and driving the
motor.

The stop discriminating circuit 200 comprises two
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one-shot signal generators 211 and 212 adapted to be
triggered by drive signals for two phases from the
position detecting circuit 100 and generate stabilizing
signals for a predetermined time constant and an OR
gate OR11 for ORing non-inverted output signals
from the one-shot signal generators 211 and 212.

On the other hand) the start drive signal gener-
ating circuit 300 comprises the clock generator 311 for
generating a clock signal with a predetermined fre-
quency and an OR gate OR12 for ORing an output
signal from the clock generator 311 and an output sig-
nal from the stop discriminating circuit 200.

The drive signal selecting circuit 400 comprises a
plurality of first AND gates AD1, AD3 and AD5 for
AND-combining a first control signal obtained by in-
verting the output signal from the stop discriminating
circuit 300 through an inverter gate 11 with drive sig-
nals for phases c-¢’, a-a’ and b-b’ from the position
detecting circuit 100, respectively, a plurality of sec-
ond AND gates AD2, AD4 and AD6 for AND-combin-
ing a second control signal obtained by buffering the
inverted first control signal from the inverter gate 11
through an inverting input buffer B2 with drive signals
for phases a-a’, b-b’ and ¢-¢’ from the start drive sig-
nal generating circuit 300, respectively, and a plurality
of OR gates OR1, OR2 and OR3 for ORing output sig-
nals from respective of pairs of the first and second
AND gates AD1-AD2, AD3-AD4 and AD5-AD6 and
outputting gate drive signals g1, g2 and g3.

Operation of the start assisting device according
to this embodiment will be described in brief.

When the motor can not rotate upon starting, the
one-shot signal generators 211 and 212 can not be
triggered, thereby causing the OR gate OR11 to out-
put a low level signal. Accordingly, the clock signal
from the clock generator 311 is sent to the drive signal
selecting circuit 400 via the OR gate OR12.

In the drive signal selecting circuit 400, the first
AND gates AD1, AD3 and AD5 and the second AND
gates AD2, AD4 and AD6 output alternatingly the
phase drive signals from the position detecting circuit
100 to the OR gates OR1, OR2 and OR3. At this time,
the drive signals for the phases a-a’, b-b’ and ¢-¢’ are
applied to the first AND gates AD3, AD5 and AD1 and
the second AND gates AD1, AD3 and AD5, so thatthe
drive signal for the initial phase a-a’ can be applied as
the gate drive signal g2 for the phase b-b’ to the mo-
tor driving circuit 500, via the AND gate AD3 and the
OR gate OR12. After starting the motor, the one-shot
signal generators 211 and 212 of the stop discrimin-
ating circuit 200 are alternatingly triggered, so as to
output high level signals for predetermined time con-
stants, respectively. Accordingly, the OR gate OR11
always outputs a high level signal under a condition
that the rotor of motor rotates. By the high level signal
from the stop discriminating circuit 200, the OR gate
OR12 outputs a high level signal, irrespective of the
clock signal from the clock generator 311. When the
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high level signal is outputted from the OR gate OR12
during the rotation of motor, the first AND gates AD1,
AD3 and ADS5 of the drive signal selecting circuit 400
are at their disable state while the second AND gates
AD2, AD4 and ADG6 are at their enable state. As a re-
sult, the drive signals based on the rotor position de-
tection of the position detecting circuit 100 are select-
ed as gate drive signals for corresponding phases
and outputted.

In the embodiment illustrated in FIG. 8, when the
motor can not be started at a specific position, a drive
signal for each phase from the position detecting cir-
cuit 100 is outputted as a gate drive signal for a dif-
ferent phase, so as to start the motor. As the motor is
subsequently started, the drive signal for each phase
from the position detecting circuit 100 is outputted as
a gate drive signal for the corresponding phase.
Thus, a normal driving can be accomplished.

On the other hand, FIG. 9 illustrates another em-
bodiment for the drive signal selecting circuit shown
in FIG. 8. In this embodiment, the drive signal select-
ing circuit comprises a plurality of first inverter gates
111, 112 and 113 for inverting the phase drive signals
outputted from the position detecting circuit 100, re-
spectively, a plurality of first three-state buffers B11,
B12 and B13 for passing output signals from the first
inverter gates 111, 112 and 113, according to a first se-
lect signal obtained by inverting the control signal of
the start drive control circuit 300 through the inverter
gate 11, respectively, a plurality of second three-state
buffers B21, B22 and B23 for passing output signals
from the first inverter gates 111, 112 and 113, accord-
ing to a second select signal obtained by inverting the
first select signal through the inverting input buffer
B2, respectively, and a plurality of second inverter
gates 121, 122 and 123 for receiving output signals from
thefirst three-state buffers B11, B12 and B13 and the
second three-state buffers B21, B22 and B23 in com-
mon by phases and inverting them to output gate
drive signals ga, g2 and g3 for respective phases.

In this drive signal selecting circuit 400 with the
above construction, the first three-state buffers B11,
B12 and B13 are turned on at the drive state of motor,
s0 as to output normal gate drive signals. At the stop
state of motor, the second three-state buffers B21,
B22 and B23 are turned on, so that the drive signals
from the position detecting circuit 100 are outputted
as gate drive signals for different phases, so as to
start the motor.

In accordance with the first embodiment shown
in FIG. 6, when the motor can not be started at a spe-
cific position, clock signals are supplied as gate drive
signals, in place of drive signals based on the position
detection. After starting the motor, the drive signals
based on the position detection is supplied as gate
drive signals, so as to drive normally the motor. In ac-
cordance with the second embodiment shown in FIG.
8, when the motor can not be started, the drive sig-
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nals based on the position detection is supplied as
gate drive signals for different phases, so as to start
the motor. After starting the motor, the drive signals
based on the position detection are supplied as gate
drive signals for corresponding phases, so as to drive
normally the motor.

As apparent from the above description, the
present invention eliminates a problem that a motor
can not be started at a specific position by drive sig-
nals based on the position detection, since the drive
signals have low driving torque. Accordingly, there is
no limitation on phase advance angle and conduction
angle in designing motors. It is also possible to design
motors with higher speed and improved efficiency.

Although the preferred embodiments of the in-
vention have been disclosed for illustrative purposes,
those skilled in the art will appreciate that various
maodifications, additions and substitutions are possi-
ble, without departing from the scope and spirit of the
invention as disclosed in the accompanying claims.

Claims

1. A start assisting device for a high speed reluc-

tance motor comprising:

position detecting means for detecting the
position of a rotor and generating drive signals for
respective phases;

stop discriminating means for scanning at
least one of the phase drive signals and discrim-
inating whether the motor is at its drive state or
its stop state;

start drive signal generating means for
outputting a clock signal with a predetermined
frequency generated from a clock generator as
start drive signals for respective phases;

drive signal selecting means for logically
combining the start drive signals with the phase
drive signals from the position detecting means,
by phases, based on a control signal from the
stop discriminating means, so as to select the
start drive signals upon starting the motor and to
select the drive signals from the position detect-
ing means after starting the motor, and outputting
the selected drive signals as gate drive signals for
respective phases; and

driving means for conducting coils for re-
spective phases according to the gate drive sig-
nals from the drive signal selecting means.

2. Astartassisting device in accordance with Claim
1, wherein the stop discriminating means com-
prises a plurality of one-shot signal generators
adapted to be triggered by the drive signals from
the position detecting means and generate pulse
signals which are maintained for a predetermined
time, and a logic gate for logically combining out-
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put signals from the one-shot signal generators
and generate different logic signals at the stop
state of the motor and at the drive state of the mo-
tor.

A start assisting device in accordance with Claim
1, wherein the start drive signal generating
means comprises:

the clock generator for generating a clock
signal with a predetermined frequency;

a front flip-flops having a clock terminal for
receiving an output signal from the clock genera-
tor;

a rear flip-flop having a clock terminal for
receiving the output signal from the clock gener-
ator and adapted to receive a non-inverted output
signal and an inverted output signal from the
clock generator as a J input signal and a K input
signal, respectively, feed back its inverted output
signal as a J input signal of the from flip-flop and
output a non-inverting output signal as a start
drive signal of the third phase;

an AND gate for AND-combining the in-
verted output signals from the front and rear flip-
flops and output the resultant signal as the start
drive signal for the first phase; and

another AND gate for AND-combining the
inverted output signals from the front flip-flop and
the non-inverted output signal from the rear flip-
flop and output the resultant signal as the start
drive signal for the second phase.

A start assisting device in accordance with Claim
1, wherein the drive signal selecting means com-
prises:

a plurality of first AND gates for AND-com-
bining a first select signal obtained by inverting
the control signal from the stop discriminating
means through an inverter gate with the drive
signals from the position detecting means, re-
spectively;

a plurality of second AND gates for AND-
combining a second select signal obtained by
buffering the inverted first select signal from the
inverter gate through a buffer with the drive sig-
nals from the start drive signal generating means;
and

a plurality of OR gates for OR-combining
output signals from respective of pairs of the first
and second AND gates by phases and outputting
gate drive signals for respective phases.

A start assisting device in accordance with Claim
1, wherein the drive signal selecting means com-
prises:

a plurality of first inverter gates for invert-
ing the phase drive signals outputted from the
position detecting means and the start drive sig-
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nals outputted from the start drive signal gener-
ating means, respectively;

a plurality of first three-state buffers for
passing the phase drive signals from the position
detecting means through the first inverter gates,
according to a first select signal obtained by in-
verting the control signal of the stop discriminat-
ing means, respectively;

a plurality of second three-state buffers for
passing the phase drive signals from the start
drive signal generating means through the first
inverter gates, according to a second select sig-
nal obtained by inverting the first select signal,
respectively; and

a plurality of second inverter gates for re-
ceiving output signals from the first three-state
buffers and the second three-state buffers in
common by phases and inverting them to output
gate drive signals for respective phases.

A start assisting device for a high speed reluc-
tance motor comprising:

position detecting means for detecting the
position of a rotor and generating drive signals for
respective phases;

stop discriminating means for scanning at
least one of the phase drive signals and discrim-
inating whether the motor is at its drive state or
its stop state;

start drive control means for outputting a
clock signal of a predetermined frequency gener-
ated from a clock generator as start control signal
at the stop state of motor, according to a control
signal from the stop discriminating means;

drive signal selecting means for selecting
the phase drive signals from the position detect-
ing means as gate drive signals for different phas-
es and outputting them at the stop state of motor
and selecting the phase drive signals from the
position detecting means as gate drive signals for
corresponding phases and outputting them at the
drive state of motor; and

driving means for exciting coils for respec-
tive phases according to the gate drive signals
from the drive signal selecting means and driving
the motor.

A start assisting device in accordance with Claim
6, wherein the stop discriminating means com-
prises:

two one-shot signal generators adapted to
be triggered by the drive signals for two phases
from the position detecting means and generate
stabilizing signals for a predetermined time con-
stant; and

an OR gate for ORing non-inverted output
signals from the one-shot signal generators.
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A start assisting device in accordance with Claim
6, wherein the start drive signal generating
means comprises:

the clock generator for generating a clock
signal with a predetermined frequency; and

an OR gate for ORing an output signal
from the clock generator and an output signal
from the stop discriminating means.

A start assisting device in accordance with Claim
6, wherein the drive signal selecting means com-
prises a plurality of first AND gates for AND-com-
bining a first control signal obtained by inverting
the output signal from the stop discriminating
means through an inverter gate with the drive
signals for phases (c-¢’, a-a’ and b-b’) from the
position detecting means, respectively;

a plurality of second AND gates for AND-
combining a second control signal obtained by
buffering the inverted first control signal from the
inverter gate through an inverting input buffer
with drive signals for phases (a-a’, b-b’ and ¢-¢’)
from the start drive signal generating means, re-
spectively; and

a plurality of OR gates for ORing output
signals from respective of pairs of the first and
second AND gates and outputting gate drive sig-
nals.

A start assisting device in accordance with Claim
6, wherein the drive signal selecting circuit com-
prises:

a plurality of first inverter gates for invert-
ing the phase drive signals outputted from the
position detecting circuit, respectively;

a plurality of first three-state buffers for
passing output signals from the first inverter
gates, according to a first select signal obtained
by inverting the control signal of the start drive
control circuit through the inverter gate, respec-
tively;

a plurality of second three-state buffers for
passing output signals from the first inverter
gates, according to a second select signal ob-
tained by inverting the first select signal through
the inverting input buffer, respectively; and

a plurality of second inverter gates for re-
ceiving output signals from the first three-state
buffers and the second three-state buffers in
common by phases and inverting them to output
gate drive signals for respective phases.
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